This paper illustrates the results of an experimentation carried out by a multi-disciplinary research group made up of researchers from ITC-CNR of L'Aquila and of archaeologists of the University of L'Aquila. The research project carried out by the team is based on the analysis of the archaeological heritage (in particular, the documentation of some burials found in the medieval site of Amiternum, near L'Aquila). This starts from methods based on digital photogrammetric restitution, based on Structure from Motion (SfM) algorithms, and the generation of photorealistic textures in order to manage, in a 3D GIS environment, complex archaeological and anthropological data. The choice of technology to use is often determined by the specific needs of the survey, the purpose of the project, the budget and experience of the researchers, and the geometric characteristics of the assets, rather than the precision to be achieved. For the survey of the archaeological excavation of the medieval site of Amiternum, it was decided to use digital photogrammetry given that the objective was to document, with a rapid survey compatible with the times of an archaeological excavation the phases of image acquisition, processing and post processing of the site model. Furthermore, thanks to the integration of two technologies, digital photogrammetry and GIS, and the undisputed improvement in the management of 3D data by the GIS, three-dimensionality, in archeology in general, has become an indispensable component for site interpretation and for the documentation of the data.
3D GIS FOR DOCUMENTING ARCHAEOLOGICAL CONTEXTS
Archaeologists quickly understood, before other professionals, the potential of Information and Communication Technology (ICT) in general, and Geographic Information Systems (GIS) in particular, for documenting and managing data originated by stratigraphic excavations or from architecture stratigraphic analysis. Already at the end of the nineties, several authoritative archaeology contributions in the literature made this point (one only need to cite Forte 1997 or Forte 2002 , and many applications to a range of case studies were reported, which helped improve the workflow from data acquisition to their interpretation. As these experiences flourished, and were applied to different scale levels, archaeologists increasingly found themselves working in multi-disciplinary teams and, over time, dealing with three-dimensional data. Although the nineties marked the first approaches to archaeological data managed in a GIS environment, it is the new millennium that brought archaeology to deal with managing three-dimensional data, the fourth dimension and virtual reality applications (Forte, Campana 2017 ).
The state of the art
Even though, from a methodology standpoint, the need to visualize three-dimensional archaeological data in GIS environments had been evident from some time, the first applications were mainly Digital Elevation Models (DEMs) and Triangulated Irregular Networks (TINs), for which the concept of three dimensions was mostly linked to the quotas of represented points.
As for the first true applications of 3D GIS, experimentations began with the analysis of architectural contexts (Continenza, Trizio 2015 ) which, naturally, followed the pace of software developments and thus only recently began to feature adequate levels of visualization, management and analysis of threedimensional data (think of proprietary software such as ArcGIS by ESRI, which enabled direct management of threedimensional data through the Arc Scene module, launched in 2008). Within the archaeology domain, several research groups experimented representing archaeological contexts through three-dimensional meshes (acquired through laser scans or digital photogrammetry) with high resolution texture in 3D GIS environments. A good review of the state of the art was recently published (Dell'Unto 2017) but even there, most experiences come from the research projects carried out by the Digital Archaeology Laboratory (DARK Lab) of the University of Lund, in Sweden (Landeschi 2016; Landeschi et alii 2016; Dell'Unto et alii 2016; and by the Dig@Lab at Duke University (Forte 2015) while Italian research groups have carried out more recent applications that have greater links with threedimensional stratigraphic analysis of architectural archaeology (Trizio et alii, in review; Nucciotti 2017 ).
Integrating GIS and 3D digital models
As highlighted by those who have experienced it directly (Dell'Unto 2017), the really significant news in 3D GIS applications for archaeology is the ability to directly import, manage and analyse 3D models acquired on the field through range based (laser scanner) or image based (digital photogrammetry ) technologies. This new approach enables recording each stratigraphic unit during the excavations, and before their final removal. This is particularly useful when interpreting the data, since it enables researchers to (virtually) return to the excavations many times, and spatially place each layer in its original position, thus making it easier to read the relations across the various parts. Even though the decision on how to acquire data on the field is often dictated by the specific requirements of the survey and by the characteristics of the site, the reduced processing times and the high precision that new software can currently achieve, often lead to the use of digital photogrammetry. The most popular software are presently the proprietary Photoscan software by Agisoft and Photomodeler, though open source solutions like Bundler and the free Micmac are also widely used.
The procedure entails transforming the acquired data into a Multipatch feature class, a particular type of geometric entity that enables visualizing the textured 3D model. Within a geodatabase, the Multipatch is created as any other point, line or polygon shapefile, and its attributes are like those of any other type of data. The experiences mentioned above showed that a key advantage of the combined digital 3D and GIS models is given by the possibility of exploring (through visualization), investigating (through queries) and analysing (through the 3D Analyst), the complex reality of the artefacts through a heuristic approach, where the quantitative methods applied to detect the models, observe the relations, and identify the results of the queries, are highlighted directly by the surveyed objects (Landeschi 2016) . In other words, the integration between the two technologies and the clear evolution in the way GIS platforms can manage 3D data, make it now possible to manage three-dimensional archaeological data for the interpretation of sites. The next step is likely to bring further improvement of three-dimensional data analyses, currently limited to data visualization, and the use of protocols that can turn these experimentations into a standard approach, with the use of work tools and technology that entail three dimensional workflows also part of the standard approach (Landeschi 2016) .
THE AMITERNUM BURIALS: EXCAVATION AND DOCUMENTATION
Each archaeological site contains a lot of information, and issues like data management and scientific dissemination have always been confronting archaeologists. Appreciating the potential of IT applied to their subject, archaeologists keep finding ways to adapt modern technology to the objectives of their research (see above).
Bio-archaeology and data management
Archaeology often has to deal with excavating and researching funerary assemblages, that is contexts that host multiple burials, like medieval cemeteries, for example. By the end of the 90s, bio-archaeology, a discipline blending archaeology, taphonomy and anthropology, was quite popular in Italy, as it stepped out of the shadows of archeothanatology in France in the 80s (Duday et al., 1990 and see Marinato, 2013 and bibliography for an overview of its evolution). This discipline currently follows common protocols, which enable the recovery of great amounts of data, and when these are correctly put together and analysed, they provide a wealth of cultural and biological information on past populations: their relations with death, their lifestyle and health (Borgognini Tarli, Pacciani, 1993; Mallegni, Rubini, 1994; Canci, Minozzi, 2005; Mallegni, Lippi, 2009; Fornaciari, Giuffra, 2009 ).
Analysing funerary assemblages requires special attention because relatively limited contexts, such as tombs, contain a multitude of data resulting from several actions: the cut to dig the grave, the construction of the structure that hosts the dead, the laying of the body, its covering, the voluntary and involuntary post-laying actions. On-field taphonomic analyses entail recording the position and movement of the skeletal districts, with a view to understanding the phenomena that interested the grave from the moment the individual was laid to the archaeological finding, including all phenomena related to decomposition. After evaluating the integrity of the tomb, all characteristics of the grave need to be recorded (size, depth, walls and floor), the presence of structures (wall coverings, coffin, roofing, etc.), the layout inside the burial area, the orientation and relation with any other structure. Then the skeletal districts are analysed, and the characteristics that allow us to distinguish a primary burial (when decomposition took place in the site) from a secondary one (when the remains are not in the same place where they were originally buried). In the latter case, the factors that could have contributed to the phenomenon, for example a second funeral, reclaiming the cemetery land, recovering a family grave etc., need to be recorded. In the event of primary burials, the anatomic connections are evaluated, distinguishing between labile and persistent joints, which helps understand the modes of decomposition: full, differed or empty space; these data enable us to assess the presence of funerary architectural elements made of perishable materials, such as wood caskets, covering boards, funerary pillows etc. At this stage, it is important to also record the volumes of the thoracic cavity and the hips (in relation to the original anatomical volume) and the position of several districts, paying attention to the phenomenon defined as the 'wall effect' and the presence of compressions; these are features that help evaluate whether there were bandages or shrouds wrapping the body when it was laid. It is also good to focus on the position of the body and the various skeletal districts, in order to evaluate, for example, any wish to turn the head or cross the arms of the dead, and the presence of grave goods, whether personal or ritual. The ultimate objective is to understand which gestures where made around the dead at the time of their laying, also considering any diagenetic factor that may impact the burial, to avoid any interpretation errors. This type of individual burial survey is important, but studying the entire funerary assemblage, that is crossing all data in order to reconstruct the organization of the burial grounds and their management over time, is essential for the definition of a possible burial rite (Duday, 2006) . Clearly, in order to achieve detailed results, the data collected on the field need to be correlated with the results of the anthropological analyses carried out in the lab to determine the sex and the age of death, the family group, lifestyle and health. Managing the (taphonomic and archaeological) data from individual burials and relating it with those obtained from the study of the entire funerary assemblage are not trivial tasks, and that is why archaeologists and anthropologists have perfected information systems that are based on GIS and records (Dadà, et al. 2007; Pisu, Naponiello, 2008; Minozzi, Zabotti, 2008; Coschino, et al. 2010; Amoretti, Nazionale, 2015; di Gennaro, et al. 2015) . PYARCHINIT, a plug-in for QGis, is an interesting case of specific software developed by archaeologists with specifications for funerary archaeology and anthropology (Mandolesi, 2009; Mandolesi, Cocca, 2013) . These analyses are time consuming, since they depend on both the recovery of burials during the excavation phase (a university-led excavation may take several years) and the lab analyses, which are often carried out as PhD theses or undergraduate dissertations. If the study of the funerary assemblage is to be undertaken across several years, accurate recording of the field data and complete documentation are paramount.
The burial grounds of Campo Santa Maria in Amiternum
Around 10 km west of the city of L'Aquila, are the remains of the ancient Roman settlement of Amiternum (for an overview, see : Heinzelmann, 2012; Tuteri, 2014) . A few yards from the amphitheatre, in the area of Campo Santa Maria, the on-going excavations directed by professor Fabio Redi of the University of L'Aquila, which started in 2012, brought to light the remains of the ancient cathedral and widened our knowledge of the Roman city, by surveying the stages of the early Christian years and its final abandonment (Figure 1 ). Related to the church structures, 65 primary and secondary burial sites from the 6th to the 13th century were found, and also a 12th-13th century burial ground, which was set up but never used Id, 2014; Id, 2015; Id, 2016) . Since 2012, the excavation stages have been documented with the standard archaeological tools, completed by taphonomic data sheets compiled with FileMaker Pro for the management of field data (Amoretti, Nazionale, 2015; Savini, 2015) . The taphonomic data sheets were reviewed some time ago, following the templates proposed by other authors (Courtaud, 1996; Canci, Minozzi, 2005) and today they are old yet compliant with the ICCD standards proposed by the Ministry for anthropological findings (Mancinelli, 2016) . The choice of programme was dictated by the characteristics of this database: non-rigid design operations also accessible to non-IT experts; compatibility with the use of iPads on the field, which is very common today (Fiorini, 2012; Fronza, 2012) ; relational databases that can communicate, ability to set up closed fields for data normalization and the elimination of subjective terms, reduced reviewing times. The system also exports data in various different formats, thus facilitating communication with GIS systems, as already tested when exporting CVS tables linked with the vectorized and georeferenced skeletal data via shared SCH key, in order to study the entire funerary assemblage on the QGis platform (Savini, 2015) .
3D TAPHONOMIC ANALYSIS ON DIGITAL MODELS
Given the importance of integrating the archaeological documentation with photogrammetry, the archaeology team at the University of L'Aquila widened its scope to include the integrating procedure on the field, and activated further collaborations, not just for the current excavation (Redi, Montagnetti, 2016) . Photogrammetry modelling for burials and funerary assemblages are unrivalled tools when it comes to objectively documenting data and carrying out 3D analysis, therefore, since 2016, the documentation of graves has included photo-realistic and adequately scaled digital models that can be viewed through Pdf3D. Though we are aware that the presence of qualified professionals on the field cannot be substituted, we also believe that this kind of documentation may mitigate to some extent the issue that often characterizes archaeological sites, particularly those set up in emergency conditions, namely the absence of an anthropologist. While the photogrammetry model of the burial will inherit the subjectivity of its maker, since it is the result of choices made when bringing the burial to light (such as highlighting skeletal districts vs. leaving them covered, for reason of statics), we believe it may become a wonderful tool for comparisons with other experts' works. The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2, 2018 ISPRS TC II Mid-term Symposium "Towards Photogrammetry 2020", 4-7 June 2018, Riva del Garda, Italy
For the anthropologists, the photogrammetry model is certainly useful, since the possibility of integrating the archaeoanthropological documentation within the model means that data can be reviewed even years later, which is a plus considering the timing of burial surveys. During the 2017 excavations, a new experimentation was codeveloped with the Institute for Construction Technology of the L'Aquila CNR branch, entailing three-dimensional documentation with photogrammetry and taphonomic data managed within a 3D GIS environment, as detailed below. We selected these two technologies, which are now quite popular in the field of archaeology (see above), because they make it possible to manage space, volume and alphanumeric information relating to different types of Stratigraphic Unit (empty grave, tomb structure, skeleton) in one environment, thus making it easier to analyse the data.
Photography on the field
The experimentation illustrated hereafter entailed the digital documentation of the burials discovered in Area 8, a little environment stretching between the excavation boundaries and the church walls; more specifically, tomb 36 (built for S.57 laid in grave SU-1179 and covered by SU+1180), tomb 37 (built for S.58 laid in grave SU-1181, lined with SU 1409 and covered by several tiles SU 1271 and SU 1182) and tomb 38 (built for S.59 laid in grave SU-1183 and covered by SU+1184) (Figure 2) . As mentioned earlier, the tomb is the result of several actions, hence, we adopted a procedure to survey all its characterizing SUs, beginning with the grave filler layers, then the covering (if there is one), the skeleton, the structure (if there is one) and the empty grave. Picture taking on the field was thus dictated by the timing of the archaeology work, which is always longer for burials. After compiling the standard archaeology documentation, consisting of data sheets, photographs and graphs made with the help of the total station, we began photographing the SUs mentioned above.
As in any photo session prepared for photogrammetry modelling, we also faced the common problems linked to the presence of archaeologists on site and the exposure of the layers to sunlight (over exposure in the central hours and under exposure at dusk). To make it easier to process the photos, we set some markers that were directly extrapolated from the Photoscan software we used (see below), and geo-referenced with the total station.
3D taphonomic analysis and tomb reconstruction
Taphonomic and anthropological data analysis carried out through GIS and digital modelling enabled us to assess the position of the bones linked by labile joints, such as the hand and foot phalanges, the position of the skull and the original volumes of the thorax and hips. This information helped us understand the mode of bodily decomposition and the original setting of the tomb. On the skeletons, all in primary positioning, the anatomical connections were very loose or disconnected with the location of several districts; furthermore, there were clear signs of side rotations of the femurs, with the patellas also found in nonanatomical positions, loss of original thoracic volumes and the sliding of the sternum inside it. There were instances of 'wall effect', that is the alignment of several bones caused by the line border of the grave itself. All these features point to a body that decomposed in an empty environment, with no sediment; this caused the movement of skeletal districts and the loss of the body's original volumes, as the soft tissue kept on decomposing. These features also enable us to consider the possibility, for tombs 36 and 38 with no funerary structure, that a wood covering was rested directly over the stones located on the edge of the grave; a type of tomb that is often found in the L'Aquila region of Abruzzo (Redi, Savini, 2016) . This hypothesis is further enhanced by the presence of postmortem fractures on several skeletal districts, also confirmed by lab analysis. Their position was also assessed within the 3DGIS (see note infra) to better understand how the covering ceded following decomposition (Figure 3) . In order to reconstruct the tomb's setting, we combined the photogrammetry model of the actual site with the modelling of the volumes and elements of funerary architecture that are no longer there. The photogrammetry models of each unit were built with the Photoscan software, exported in the *dae format and then imported in SketchUp to model the volume of the filling and wood covering. Within the Abvent Twinmotion software, each component was positioned in such a way that the tomb's stratigraphy was still visible. The model thus obtained not only validates the hypothesis generated by the taphonomic study, but also became a powerful means of communication to enhance the archaeological site of Campo Santa Maria in Amiternum (Figure 4 ).
FROM PHOTOGRAMMETRY TO 3D GIS
A recent study carried out in Sweden (Wilhelmson, Dell'Unto 2015) describes the procedure also adopted for the 3D GIS analysis of the burials discovered in Campo Santa Maria in Amiternum These two experimentations used similar methods (digital photogrammetry modelling combined with 3D GIS), and had several points of contact (visualizing and analysing human remains and their space relations within a virtually reconstructed archaeological context), but they also displayed significant differences: in Sweden, the procedure was used to obtain a virtual taphonomic analysis and the possibility of acquiring new data following specific queries; in Italy the 3D GIS stratigraphic analysis was mainly used to support site interpretations, formulating hypothesis on the original volumes of the burials and the wood covering. Figure 5 . Screenshot from the Esri ArcScene software with highlighted, through the HTML Popup tool, informations related to the models of the stratigraphic units that make up the tomb.
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In both instances, the same proprietary software was used (Agisoft Photoscan for the photogrammetry survey and the ArcScene module of ESRI's ArcGIS package for the 3D GIS).
Integration methodology
The images for the photogrammetry survey were acquired in several stages (see note supra) during the 2017 excavations, including the full excavation area and the three burials found inside Area 8. All photographs were taken with a Nikon D610 with GPS to enable geo-referencing the 3D model (WGS 84 (EPSG:4326); image processing was carried out with Agisoft Photoscan (release 1.2.6). The digital model of the entire excavation area required processing a set of 392 images with 165 markers, a total surveyed area of circa 280 m 2 , which made it possible to contextualize the surveyed burials and obtain a scale orthoimage of the entire excavation. The photogrammetry survey of the three burials required sets of 40 images (one for each SU), with the help of circa 20 markers per set. The digital modelling of tombs 36 and 38 only required processing three sets of images each, though tomb 38 required five sets of images. Using a procedure that the team had already tested (Trizio et alii, in review) , the meshes obtained from each set, representing one SU each, were imported in the geo-database, after postprocessing in Photoscan (decimation, remeshing, closing the gaps). ArcScene, from Esri's ArcGIS 10.3.1 for Desktop package, was used to import data (using the *.3ds format), then convert it into a Multipatch feature class, a particular geometrical entity, via the Import 3D Files tool, found in the Conversion menu of the 3D Analyst Tools. Attributes that are topologically linked to the Multipatch features were highlighted through specific queries and directly queried through the Identify button, as any other attribute, on the 3D model mapped with high resolution texture ( Figure 5 and 6 ).
Geo-database architecture
The 3D photogrammetry digital models of the SU were linked to the geo-database containing information on the burials, using the number of SUs as primary key. The structure of the GEO DBMS was organized in such a way that the taphonomic data (type, position, orientation, date, etc.) was linked with data from stratigraphic data sheets (state of conservation, stratigraphic relations, date, description, etc.). Furthermore, the data from the anthropological research were also connected, adding a link to visualize a 3D model of the pathological bones (Figure 7) . The database reported the dimensional data directly obtained from the model's analysis. The database has a flexible structure that can be easily used in novel implementations, depending on the needs that arise from the archaeology team or the laboratory analysis. The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-2, 2018 ISPRS TC II Mid-term Symposium "Towards Photogrammetry 2020", 4-7 June 2018, Riva del Garda, Italy
CONCLUSIONS
Although the potential of integrated photogrammetry models and 3D GIS for the interpretation of archaeological data is now established, our experimentation tested the effectiveness of these instruments for the analysis of funerary assemblages and individual burials. In addition to its standard ability to manage all heterogeneous data at the same time, 3D GIS enables us to assess the third dimension which is essential for taphonomic analyses and, especially, it enables us to document in 3D the space relation among stratigraphs that archaeologists remove during the excavations.
In the future, we hope that this tested procedure may be managed through web platforms, making the data available to researchers, and that three-dimensional GIS documentation may become the standard for the international scientific community.
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